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ABSTRACT
The rapid damping of slow magnetoacoustic waves in the solar corona has been extensively
studied in previous years. Most studies suggest that thermal conduction is a dominant con-
tributor to this damping, albeit with a few exceptions. Employing extreme-ultraviolet (EUV)
imaging data from SDO/AIA, we measure the damping lengths of propagating slow magne-
toacoustic waves observed in several fan-like loop structures using two independent methods.
The dependence of the damping length on temperature has been studied for the first time. The
results do not indicate any apparent decrease in damping length with temperature, which is
in contrast to the existing viewpoint. Comparing with the corresponding theoretical values
calculated from damping due to thermal conduction, it is inferred that thermal conduction is
suppressed in hotter loops. An alternative interpretation that suggests thermal conduction is
not the dominant damping mechanism, even for short period waves in warm active region
loops, is also presented.
Keywords: magnetohydrodynamics (MHD) — methods: observational — Sun: atmosphere
— Sun:corona — Sun: oscillations
1. INTRODUCTION
Propagating waves along fan-like active region
loops have been a common observational feature
since their initial discovery in the solar corona
(Ofman et al. 1997; Deforest and Gurman 1998;
Berghmans and Clette 1999; De Moortel et al.
2000). Recent multi-wavelength observations have
established the origin of these waves in the pho-
tosphere (Jess et al. 2012; Krishna Prasad et al.
2015), from where they could be channelled by
magnetic fields into the corona (De Pontieu et al.
2005; Erde´lyi 2006; Khomenko et al. 2008). It
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is believed that these waves are a manifestation of
propagating slow magnetoacoustic oscillations that
are generated via mode conversion (Spruit 1991;
Cally et al. 1994) in the lower atmospheric lay-
ers. Their physical properties found in a variety
of coronal structures have been extensively stud-
ied both from theoretical and observational van-
tage points (De Moortel 2009; Wang 2011; Kr-
ishna Prasad et al. 2012b; Banerjee and Krishna
Prasad 2016). In the solar corona, the slow mag-
netoacoustic waves undergo rapid damping and are
consequently visible only over a small fraction of
the loop length. A number of physical mechanisms
such as thermal conduction, compressive viscos-
ity, optically thin radiation, gravitational stratifi-
cation, divergence of the magnetic field, etc., are
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known to affect the amplitude of slow magnetoa-
coustic waves. Thermal conduction, however, has
been put forward as the dominant contributor for
their damping (De Moortel and Hood 2003, 2004).
It must be noted that slow magnetoacoustic waves
also exhibit frequency-dependent damping, with
stronger dissipation at higher frequencies (Krishna
Prasad et al. 2014, 2017) which, as well, is shown
to be consistent with generalized damping via ther-
mal conduction (Mandal et al. 2016).
Marsh et al. (2011) studied slow magnetoa-
coustic waves propagating within a coronal loop
using stereoscopic images from STEREO/EUVI
(Wuelser et al. 2004) and simultaneous spectro-
scopic data from Hinode/EIS (Culhane et al. 2007).
It was found that thermal conduction was insuffi-
cient to explain the observed damping, and instead
magnetic field divergence appeared to be the dom-
inant factor. Marsh et al. (2011) explained that
the discrepancy was due to the relatively longer
oscillation periods (∼ 10 minutes) and colder tem-
peratures (∼ 0.84 MK) observed within the loop.
Following a method developed by Van Doorsse-
laere et al. (2011), Wang et al. (2015) estimated
the polytropic index from the temperature and
density perturbations corresponding to a stand-
ing slow magnetoacoustic wave observed in a hot
flare loop. Based upon the value of the polytropic
index (γ = 1.64 ± 0.08) they obtained, Wang
et al. (2015) inferred that thermal conduction is
suppressed and that the observed damping could
be explained by a slightly enhanced compressive
viscosity term, which was later validated through
magnetohydrodynamic (MHD) simulations (Wang
et al. 2018). Krishna Prasad et al. (2018) investi-
gated propagating slow magnetoacoustic waves in
a number of active region fan-like loops and found
a temperature dependency of the polytropic in-
dices, whereby hotter loops corresponded to larger
polytropic index values. However, the authors
concluded that the polytropic index could be, in
fact, affected by a range of physical processes, in-
cluding an unknown heating mechanism, radiative
losses, plasma flows, turbulence, etc., suggesting
that a direct association between the polytropic
index and thermal conduction cannot be unequivo-
cally deduced. Indeed, Zavershinskii et al. (2019,
private communication) found that an imbalance
in the embedded plasma heating and cooling pro-
cesses can actually cause temperature-dependent
variations in the polytropic index. Here, we study
the damping of short period (∼3 min) oscillations
in quiescent active region fan-like loop structures,
which was previously suggested to be the result of
thermal conduction. The temperature dependency
of the damping length is also investigated to find
whether there are signatures of thermal conduction
being suppressed in hotter loops. Details on the
observational data used, the analysis methods em-
ployed, and the results obtained are presented in
the subsequent sections, followed by a discussion
of the obtained results and their implications for
future studies of the solar corona.
2. OBSERVATIONS
Extreme-ultraviolet (EUV) imaging observations
of solar coronal fan loops taken by the Atmo-
spheric imaging assembly (AIA; Lemen et al.
2012) on-board the Solar Dynamics Observa-
tory (SDO; Pesnell et al. 2012) are utilized for
the present study. AIA captures the entire Sun
in 10 different wavelength channels, from which
6 are mainly dedicated to coronal observations.
Using online data browsing tools, such as He-
lioviewer1, we selected 30 different active regions
(ARs) with fan-like loop structures, where propa-
gating oscillation signatures are clearly observed.
The observations of these ARs span from 2011
to 2016, although a majority of them were taken
between 2012 and 2014 (i.e., during the last so-
lar maximum). For each active region, a one-
hour-long image sequence, comprising of a small
subfield (≈180′′×180′′) surrounding the desired
loop structures, is extracted for all 6 dedicated
1 https://helioviewer.org/
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SDO/AIA coronal channels (94 A˚, 131 A˚, 171 A˚,
193 A˚, 211 A˚, and 335 A˚). The spatial sampling
and the cadence of the data are 0.6′′ per pixel and
12 s, respectively. All of the data were processed
using the aia prep routine, which is available
within the Solar SoftWare (SSW) environment,
to perform the roll angle and plate scale correc-
tions required for subsequent scientific analysis.
To achieve accurate alignment between the data
from multiple channels, and to successfully im-
plement some of the above processing steps, we
employed the robust pipeline developed by Rob
Rutten2. This dataset was previously used in the
study by Krishna Prasad et al. (2018), where com-
plete observational details, including the locations,
start times, active region numbers, etc., of the indi-
vidual image sequences are listed.
3. ANALYSIS & RESULTS
The fan-like loop structures within a sample ac-
tive region (NOAA AR 12553) from the selected
dataset are displayed in Fig. 1a. Compressive os-
cillations, with a periodicity of ≈180 s, are found
propagating outwards along these loop structures.
In order to identify the oscillations and understand
their propagation behavior, a time-distance map
(De Moortel et al. 2000) is constructed from one
of the loop segments bounded by the two solid
blue lines marked in Fig. 1a. The specific details
of the method employed here are described in Kr-
ishna Prasad et al. (2012a), but in general, the in-
tensities corresponding to the pixels across a se-
lected loop segment are averaged to build a one-
dimensional intensity profile along the loop, with
similar profiles from successive images stacked to-
gether to generate a time-distance map. The final
map obtained is shown in Fig. 1b, with the x-axis
displaying time in minutes and the y-axis display-
ing distance along the loop in megameters (Mm).
Slanted ridges of alternating brightness, visible in
this map, reveal the propagating waves along the
2 http://www.staff.science.uu.nl/ rutte101/rridl/sdolib/
selected loop. Previous studies of such oscilla-
tions, especially those propagating along similar
fan-like loop structures that are usually rooted in
sunspots, confirm their nature as propagating slow
magnetoacoustic waves (e.g., Kiddie et al. 2012;
Krishna Prasad et al. 2012b). To enhance the vis-
ibility of the ridges, the time series at each spa-
tial position was filtered to allow only a narrow
band of frequencies around the dominant oscilla-
tion period to remain. The filtered time-distance
map is displayed in Fig. 1c. It is clear that the am-
plitude of the oscillations is not constant, but in-
stead varies with time and, in particular, decreases
with distance along the loop from the correspond-
ing foot point. The temporal modulation of the
oscillation amplitude has been linked to the char-
acteristics of the wave driver, with closely-spaced
frequencies causing a beat-like phenomenon (e.g.,
Krishna Prasad et al. 2015), whereas the spatial
damping is mainly due to physical wave dissipa-
tion and some geometrical factors. As discussed in
Section 1, thermal conduction is believed to play a
key role in the observed spatial damping.
We identify a total of 35 loop structures from
the 30 active regions, where signatures of prop-
agating slow magnetoacoustic waves are promi-
nent. The prominence of oscillations is determined
through a visual inspection of time-distance maps
constructed from multiple loop structures within
each active region. It may be noted that these loop
structures are the same as those studied by Kr-
ishna Prasad et al. (2018), where the periodicity
of the oscillations observed, the temperature and
density of the plasma within the loop structures,
the polytropic index, among other parameters, are
discussed. The temperature, in particular, was de-
rived from the peak location in the corresponding
differential emission measure (DEM) curve, which
was extracted by employing a regularized inver-
sion method (Hannah and Kontar 2012) on the
near-simultaneously observed intensities across all
6 SDO/AIA coronal channels. However, the main
focus in the present study is on the damping char-
4 KRISHNA PRASAD ET AL.
Figure 1. (a) A snapshot of the fan-like loop structures from NOAA AR 12553 captured in the SDO/AIA 171 A˚
channel. The blue solid lines mark the boundaries of a chosen loop segment. (b) Time-distance map depicting
the evolution of the loop segment shown in (a). The alternating slanted bands of brightness apparent in this map
indicate the presence of propagating compressive oscillations due to slow magnetoacoustic waves. (c) Same as (b),
but processed to enhance the visibility of the brightness ridges by filtering the time series at each spatial position to
allow only a narrow band of frequencies around the dominant oscillation period. The white dashed line marks the
temporal location chosen to study the spatial damping characteristics shown in Fig. 2.
acteristics of the oscillations. In order to study
the damping properties of slow magnetoacous-
tic waves across the different loop structures se-
lected, we estimate a characteristic damping length
employing two independent methods, namely, a
phase tracking method and an amplitude tracking
method, as described in the following sections.
3.1. Phase tracking method
A temporal location (marked by a white-dashed
line in Fig. 1c), where the oscillation amplitude is
relatively strong, is initially chosen to investigate
the spatial variation of the oscillation phase. Note
that the selection of this location is purely based on
the strength of the oscillations as may be seen from
Fig. 1c. Same criterion is applied to all the other
loop structures studied. The filtered intensities
from three consecutive frames (i.e., ±12 s) around
the selected temporal location are averaged to im-
prove the signal-to-noise, then normalized by the
corresponding background to construct a represen-
tative spatial intensity profile such as that shown
in Fig. 2a. The background is constructed from the
intensities obtained by smoothing the original ob-
served values to remove any oscillations with pe-
riodicities below 10 minutes. The spatial profile
clearly demonstrates a rapid decrease in the oscil-
lation amplitude with distance along the loop. The
vertical bars indicate respective uncertainties in the
imaging intensities that are estimated from noise
contributions in the SDO/AIA 171 A˚ channel (fol-
lowing the methodology of Yuan and Nakariakov
2012), which includes noise from various sources
besides the dominant photon and readout compo-
nents (Jess et al. 2019). An exponentially decaying
sine wave function of the form,
I(x) = A0 e
(
−x
Ld
)
sin
(
2pix
λ
+ φ
)
+B0 +B1x ,
(1)
is fitted to the spatial profile. Here, I is the nor-
malized pixel intensity, x is the distance along
the loop, B0 and B1 are appropriate constants,
and A0, Ld, λ and φ are the amplitude, damping
length, wavelength and phase of the oscillation,
respectively. Applying the Levenberg-Marquardt
least-squares minimization technique (Markwardt
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2009), the best fitment to the data is shown as a
black solid curve in Fig. 2a. The damping length of
the oscillation, as estimated from the fitted curve,
is 3.7 ± 0.4 Mm. The orange diamond symbols
in Fig. 2b display the damping lengths obtained
from all 35 selected loop structures, plotted as a
function of the corresponding localized tempera-
ture on a log-log scale. The vertical bars denote
the respective uncertainties on damping length de-
rived from the fit whereas the horizontal bars high-
light the associated uncertainties on temperature
propagated from the respective errors given by the
regularized inversion method (Hannah and Kontar
2012). Since the temperature is determined from
a double-Gaussian fit to the individual DEMs (Kr-
ishna Prasad et al. 2018), the uncertainty on peak
location is estimated by scaling the corresponding
error on the nearest point by a factor of 1/
√
N ,
where, N is the number of data points involved
in the fit. Subsequently, to get a representative
temperature value for each loop, a weighted mean
across all spatio-temporal locations near the foot
point is considered. The associated uncertainty
is then estimated from the weighted standard de-
viation of values across the same locations. It
may be noted that the uncertainties on loop tem-
perature reported by Krishna Prasad et al. (2018)
are fairly small compared to those shown here
(Fig. 2b) which is because the authors did not in-
corporate the temperature errors given by the DEM
inversion method but simply quoted the errors ob-
tained from the Gaussian fit alone. The actual tem-
perature values might also marginally differ be-
cause of the weighted averages employed here.
Another important aspect to note here is that in
about 5 cases, the damping lengths are measured
from pairs of loops from the same active region
some of which exhibit distinct values. The differ-
ences in values obtained in such cases reflect the
different physical conditions of the loop structures
despite belonging to the same active region.
3.2. Amplitude tracking method
Since the phase tracking method involves man-
ually choosing a specific temporal location from
each of the time-distance maps, it is possible that
such human intervention naturally biases the ob-
tained results. Also, it is not trivial to apply this
technique to all temporal locations since the signal-
to-noise at a large number of locations is low due
to aspects of amplitude modulation. To circum-
vent this problem and verify the reliability of our
results, we estimate the damping lengths using the
alternative technique of amplitude tracking. In this
method, the amplitude of the oscillation,A, at each
spatial position is directly measured in relation to
the standard deviation, σ, of the respective filtered
time series using A =
√
2σ. This formula assumes
that the observed oscillations can be represented
by a pure sinusoidal signal. The time-averaged
intensities from the original time series (i.e., col-
lapsing the time domain in Fig. 1b) are used as
the background for normalization to obtain relative
amplitudes as a function of distance along the loop.
Since the amplitude at each spatial position is de-
rived from the full time series, the median error
on respective pixel intensities is used to estimate
the corresponding uncertainty. The diamond sym-
bols in Fig. 3a show the spatial dependence of am-
plitude values thus obtained for the fan-like loop
structure highlighted in Fig. 1a. The vertical bars
represent the associated uncertainties. These data
were then fit with a decaying exponential model
satisfying the functional form,
A(x) = A0 e
(
−x
Ld
)
+ C , (2)
where x is the distance along the loop, A0 and C
are appropriate constants, and Ld is the damping
length.
The initial few locations where the wave ampli-
tude is found to increase are ignored in order to
isolate the purely decaying phase of the oscillation
for fitment. The black solid line in Fig. 3a repre-
sents the best exponential fit obtained. The corre-
sponding damping length is 4.8±1.5 Mm, which is
on the same order as that obtained using the phase
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Figure 2. (a) Spatial variation of the relative intensity at the temporal location marked by the white dashed line in
Fig. 1c. The vertical bars denote the respective uncertainties. The solid curve represents the best fit to the data for an
exponentially decaying sine wave model following Eq. 1. The obtained damping length value from the fitted curve
is listed in the upper-right corner of the plot. (b) Damping lengths extracted from all of the selected loop structures,
plotted as a function of the localized temperature on a log-log scale. The orange diamonds represent the values
obtained following the phase tracking method shown in panel (a), whereas the green circles represent the theoretical
values estimated from damping due to thermal conduction. The open and filled circles, respectively, highlight the
values computed from a constant γ (= 5/3) and those computed using γ values extracted from observations (Krishna
Prasad et al. 2018). The vertical and horizontal bars on the observed values denote the corresponding propagated
uncertainties.
tracking method outlined in Section 3.1. Following
the same procedure, the damping lengths for the
oscillations observed in all 35 selected loop struc-
tures have been estimated. For a handful of loop
structures, it is found that the model does not con-
verge properly, producing damping lengths either
far greater than the loop length itself (> 1000 Mm)
or less than one pixel (< 0.1 Mm). Upon in-
spection of the time-distance maps corresponding
to these individual cases, we found that there are
unusual brightenings, perhaps in the form of tran-
sient events manifesting in the loop background,
at certain spatio-temporal locations, which natu-
rally contaminate the amplitude extraction process
and thereby prevent a robust fitment of the data.
While this could be avoided by manually restrict-
ing the time series for each particular case, the
main strength of this method was in the allevia-
tion of human intervention. As such, we chose to
ignore specific loop structures where the model fit-
ting did not converge to commonly expected val-
ues. The orange diamond symbols in Fig. 3b rep-
resent the damping lengths obtained from the re-
maining 31 cases, plotted as a function of the loop
temperature on a log-log scale. The vertical bars
highlight the corresponding uncertainties on damp-
ing length whereas the horizontal bars denote the
respective uncertainties on temperature. The loop
temperature and the associated uncertainties are es-
timated in the same way as that described in Sec-
tion 3.1.
3.3. Theoretical calculations
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Figure 3. (a) Relative amplitudes of the oscillations as a function of distance along the loop segment marked by the
solid blue lines in Fig. 1a. The vertical bars denote the respective uncertainties. The black solid line represents an
exponential fit to the decaying phase of the data following Eq. 2. The obtained damping length value from the fitted
curve is listed in the plot. (b) Damping lengths extracted from all the selected loop structures plotted as a function
of the local temperature on a log-log scale. The orange diamonds represent the observational values following the
amplitude tracking method shown in panel (a), whereas the green circles represent the theoretical values estimated
from the damping due to thermal conduction. The open and filled circles, respectively, highlight the values computed
from a constant γ (= 5/3) and those computed using γ values extracted from observations (Krishna Prasad et al.
2018). The vertical and horizontal bars on the observed values denote the corresponding uncertainties.
Theoretical and numerical calculations in the
past have suggested that thermal conduction is the
dominant physical mechanism responsible for the
damping of slow magnetoacoustic waves in the so-
lar corona (De Moortel and Hood 2003; Klimchuk
et al. 2004). Considering one-dimensional linear
wave theory for slow magnetoacoustic waves with
thermal conduction as the damping mechanism
(e.g., De Moortel and Hood 2003; Krishna Prasad
et al. 2012b), the dispersion relation between the
wave number, k, and the angular frequency, ω, can
be shown to be,
dc4sk
4 + iωc2sk
2 − γdω2c2sk2 − iω3 = 0 . (3)
Here, cs is the sound speed, d =
(γ−1)κ‖T0
γc2sp0
is the
thermal conduction parameter, κ‖ = κ0T
5/2
0 is the
parallel thermal conduction, and p0 = 2n0kBT0
is the gas pressure, where κ0 is the thermal con-
duction coefficient, T0 is the equilibrium tempera-
ture, and n0 is the number density. For propagating
waves, the frequency, ω, is constant and in the limit
of weak thermal conduction (i.e., when dω  1),
the solutions for wave number, k, may be found as
k = ω
cs
− i 1
Ld
, where Ld = 2csdω2(γ−1) is the damping
length. The interested reader is referred to Mandal
et al. (2016) for a detailed derivation.
As described in Section 3, Krishna Prasad et al.
(2018) studied the same set of loop structures
that are presented here. They applied a regular-
ized inversion method (Hannah and Kontar 2012)
on observed intensities in 6 coronal channels of
SDO/AIA to compute corresponding DEM. Sub-
sequently, by employing a double-Gaussian fit to
the DEM curve, the temperature and the density
of the plasma are calculated from the peak loca-
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tion and the area under the curve, respectively.
The density is estimated by assuming the appar-
ent width of the loop as equivalent to the emission
depth along the line of sight effectively ignoring
any background/foreground emission although a
contribution to the latter from hot plasma is care-
fully discarded from the double-Gaussian fit. Us-
ing the theoretical relation between the relative
oscillation amplitudes in temperature and density
associated with a slow wave, the polytropic in-
dex of the plasma is determined after eliminating
the corresponding phase shifts. The periodicity of
the oscillations is also calculated through a sim-
ple Fourier analysis on the intensity fluctuations.
Utilizing the respective values of these parameters
computed by Krishna Prasad et al. (2018) for each
loop, we estimate the expected damping lengths
from the above theory.
The filled green circle symbols shown in Figs. 2b
& 3b represent the theoretically computed values.
It may be noted that the respective dω values were
found to reside in the interval 0.01 − 0.16, so
the assumption of weak thermal conduction (i.e.,
dω  1) is inherently valid across our range
of coronal datasets. The classical Spitzer values
for thermal conduction, following κ‖ = 7.8 ×
10−7T 5/20 ergs cm
−1 s−1 K−1, are employed in our
calculations. As can be seen from the figures, the
damping lengths are expected to be considerably
shorter for hotter loops. Since it is very common to
assume the polytropic index, γ, is equal to 5/3 in
the solar corona, we additionally compute damp-
ing lengths arising from a constant (5/3) value for
γ. The open green circles shown in Figs. 2b &
3b represent these values which suggest a simi-
lar but much shallower dependence on tempera-
ture. Moreover, the damping lengths in this case
are shorter by up to an order of magnitude or more
which clearly divulges the effect of polytropic in-
dex on the damping length. It is worth noting here
that the scatter in the theoretically computed damp-
ing lengths is mainly due to the different physical
conditions of the loop structures studied.
4. DISCUSSION & CONCLUDING REMARKS
The spatial damping characteristics of propagat-
ing slow magnetoacoustic waves, observed in 35
fan-like loop structures selected from 30 different
active regions, have been studied. The damping
length, in particular, is measured using two inde-
pendent methods: a phase tracking method and an
amplitude tracking method. Employing the tem-
perature information acquired from DEM analysis,
the temperature dependence of the damping length
has been investigated for the first time (Figs. 2b
& 3b). These results do not indicate any appar-
ent decrease in damping length with temperature
as would be expected by the stronger thermal con-
duction in that case. It may be noted that the re-
sults from previous studies (e.g., Krishna Prasad
et al. 2012b), who based their conclusions on the
measurement of damping lengths for a single loop
structure observed in multiple temperature chan-
nels, are inconsistent with the current findings.
However, those studies are purely qualitative and
the results are often based on just two tempera-
ture channels. Furthermore, the sensitivities of the
measured damping lengths from the intensity per-
turbations to the filter/instrument used (e.g., Klim-
chuk et al. 2004) are also not taken into consider-
ation in previous studies. In the present case, we
employ damping length measurements from mul-
tiple loop structures observed in the same filter
(SDO/AIA 171 A˚). Hence, we naturally consider
the current results more reliable due to the conser-
vation of instrument characteristics across all inde-
pendent measurements.
Utilizing the temperatures, densities, polytropic
indices, and oscillation periods that have previ-
ously been derived for the same set of loop struc-
tures (Krishna Prasad et al. 2018), we calculated
the theoretical damping lengths expected from the
dissipation due to thermal conduction. In contrast
to the observations, the theoretical calculations
show a steep decrease in the damping length with
temperature. Damping lengths were also computed
assuming a fixed value, 5/3, for the polytropic in-
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dex, in line with the previous studies. These values
display a similar but shallower dependence. The
discrepancy between the observational and theo-
retical dependences perhaps indicates that thermal
conduction is suppressed in hotter loop structures.
In fact, the increase in the polytropic indices of
these loops with temperature, as reported by Kr-
ishna Prasad et al. (2018), also implies the suppres-
sion of thermal conduction in hotter loops (e.g.,
in accordance with Wang et al. 2015), although
a direct conclusion could not be drawn from these
results alone since the polytropic index of the coro-
nal plasma is dependent on several other physical
processes besides thermal conduction. The current
results, on the other hand, appear to show direct ev-
idence for the suppression of thermal conduction
with increasing temperature.
Alternatively, one could argue that thermal con-
duction is perhaps not the dominant damping
mechanism for slow magnetoacoustic waves, as
previously reported by Marsh et al. (2011) and
Wang et al. (2015). Indeed, as can be seen from
Figs. 2b & 3b, the theoretical damping lengths are
2 − 3 orders of magnitude higher than those ob-
tained from the observations. One may also note
that a simple visual inspection of oscillation am-
plitudes, in Figs. 1b & 1c for example, reveals sig-
nificant damping within 10 Mm scales whereas the
expected damping lengths due to thermal conduc-
tion are at least 100 Mm or more which clearly
demonstrates the extent of mismatch between the
observations and the theory. The differences in
the temperature dependence would further add to
this discrepancy. We note, however, that the in-
congruity between the theory and observations is
less if we consider the calculations for γ = 5/3.
Also, the distances measured along the observed
loop structures are projected onto the image plane,
meaning the obtained damping lengths are only
lower limits. Nevertheless, the difference between
the theoretical and the observed scales is too large
to ignore, and would not likely be accounted for
even if a fractional contribution from the other
damping mechanisms (e.g., compressive viscosity
and optically thin radiation) is included.
Lastly, we would like to bring out some of the
major caveats of our results. The temperature
range of the loops investigated is limited especially
considering the large uncertainties on temperature.
While the magnitude of change in the expected
damping lengths over the same temperature range
and the extent of mismatch between the observed
and theoretical values still make our results valid,
it is imperative to state that a larger temperature
range would make the results more reliable. Ad-
ditionally, it should be noted that different DEM
inversion methods can result in different peak tem-
peratures although the difference can be marginal
depending on the temperature range investigated.
Also, it can be argued whether the peak emis-
sion in a DEM sufficiently represents the plasma
within the loop. Keeping these limitations in mind,
we believe further investigations, both theoretical
and observational, are necessary to understand the
damping of slow magnetoacoustic waves in the so-
lar corona. In particular, the impetus is on increas-
ing the temperature range studied to include hotter
loop structures to examine whether these traits are
consistent across the full spectrum of coronal mag-
netism.
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